AbsTrACT
Purpose Drowning is a global public health issue and prevention poses an ongoing challenge for all countries. Many nations are experiencing ageing populations, and little is known about the epidemiology, risk factors and prevention of drowning deaths among older people. This paper reports on a systematic review of literature published on drowning among older people. Methods A systematic literature review was undertaken using English-language, Portuguese-language and Spanish-language papers published between 1980 and 2015. The review explores gaps in the literature with a focus on the epidemiology, risk factors and strategies for the prevention of unintentional fatal drowning among people 50 years and over. results Thirty-eight papers were deemed relevant to the study design, including 18 (47%) on epidemiology, 19 (50%) on risk factors and 9 (24%) on strategies for prevention. Risk factors identified included male gender, ethnicity, rurality and increasing age. Prevention strategies commonly proposed were education and wearing life jackets. Gaps identified in the published literature include a lack of consistency around age groupings used for epidemiological studies; a lack of consensus on risk factors; a lack of total population, country-level analysis; and the need for older age-specific prevention strategies that have been implemented and their effectiveness evaluated. Conclusion This review identified drowning deaths among older people as a global issue. Further work is required to reduce drowning in this cohort. Highquality epidemiological studies identifying risk factors using standardised age groupings to allow for international comparisons are required, as are implementation and evaluation of older age-specific prevention strategies.
InTroduCTIon
As life expectancy increases, particularly in high-income countries (HICs), 1 this brings with it new challenges, especially as many people are living healthy lives allowing them to enjoy a range of recreational pursuitsand undertake the activities of daily life. Drowning in older people is an often neglected 2 yet growing problem across the globe as older people undertake aquatic activities to keep fit, recreate in and around water and move closer to aquatic locations in their retirement years. 2 3 Drowning in older people is complicated by underlying medical conditions, 4 5 impacted by lifestyle 6 and likely to be preventable.
Globally, drowning is a significant cause of injury-related mortality. 7 Although the circumstances and risk factors vary between HICs and low-income and middle-income countries (LMICs) due to socioeconomic factors and the differing use of waterways, be it daily living 8 or recreational-related pursuits, [9] [10] [11] prevention poses a challenge to all nations. Drowning rates vary by country, with low drowning rates in HICs 2 12 and increasingly high rates in LMICs. 13 14 Children have been a major focus of drowning prevention 15 16 ; however, the strategies required to keep young children safe are not the same as are required for older children. These strategies are different again for adults and also possibly for older adults. As such, there is a need to better understand drowning risk factors and develop the evidence base for prevention. The 2005 statement defining drowning 17 initiated much research, and since then there have been a number of systematic reviews highlighting the diversity of literature, the size of the problem, limited understanding of risk factors and the paucity of evidence-based prevention strategies. 15 16 18 19 Older people have been identified as being at a heightened risk of drowning, with drowning a leading injury mortality burden among older people in some nations. 20 However, there is a lack of consensus about what 'old' is, with definitions ranging from 60 years to 75 years. [21] [22] [23] Old age is sometimes linked to people becoming eligible for the pension in their country-commonly 65 years. 22 An argument has been made that for some populations, such as countries in Africa and Indigenous populations where life expectancy is lower, the definition for old age should also be lowered. 24 The World Health Organization's (WHO) Global Report on Drowning estimates 109 746 people aged 45 years and over drowned in 2012, representing 29.5% of the global burden, with 81.6% occurring in LMICs. 7 To capture as much research as possible and to explore potential differences between age groups considered to be 'older', the definition of 50 years and older has been used to define older people for the purposes of this systematic review.
Aims
With an ageing population and a lack of understanding around risk of unintentional fatal drowning among older people, there is a need to better understand the risk factors to develop more effective strategies for prevention. This systematic review of unintentional fatal drowning in older people aims to describe the epidemiology and risk factors, identify and critically analyse proposed strategies for prevention, and identify gaps in the published literature to date and propose priority areas for future research.
MeThods
This systematic literature review, using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework, 25 explored literature published between 1980 and 2015 in English, Portuguese and Spanish languages. Portuguese-language and Spanish-language papers were screened by author ACQ, who is fluent in these languages. Databases used were Medline, PubMed, Scopus, ScienceDirect, PsycINFO, SPORTDiscus and Web of Science.
The internationally accepted definition of drowning was used 17 ; however, it should be noted that this definition was published in 2005 and papers published prior to 2005 may use other definitions. This study broadens the common definition of older age commencing at 60 or 65 years and uses 50 years and over. 24 A preliminary search of Medline was undertaken to identify relevant keywords contained in the titles, abstracts and subject descriptors. Initial search terms used were 'drown*' limited to English, Portuguese and Spanish languages, 'human' and a publish date range between 1 January 1980 and 31 December 2015. Search terms were then refined to include 'drown*' and 'older', 'elder', 'senior', 'geriatric', 'ageing', 'aged' and 'frail', as well as the equivalents in Portuguese and Spanish, such as 'afog*' and 'senior', 'idoso', 'idade' and 'ahog*', and 'anciano' and 'mayor', and were limited to peer-reviewed publications (online supplementary table S1). Five Spanish-language papers and zero Portuguese-language papers were identified. These were screened and one Spanish-language paper was included in the final review. 26 However we note this paper was found by using the English keyword searches.
Papers under review were assessed according to the following inclusion criteria: (1) drowning was unintentional; (2) the literature included reference to people aged 50 years and/or older; and (3) the study included primary data. Exclusions included literature discussing drowning as a result of suicide or homicide, papers where unintentional drowning could not be separated from intentional drowning, or papers discussing non-fatal or hospitalization due to drowning.
The three authors (AEP, RCF, ACQ) assessed potentially eligible papers against the inclusion criteria. Each author reviewed a third of the papers at each step (title screen, abstract screen and full-text review). Where there was no consensus regarding inclusion or exclusion, a different second reviewer was used from among the remaining two authors. Review papers (n=1) were excluded from this study. A hand-search technique was used to identify any additional primary data sources in the paper's references. A manual search was completed for all references retained for data extraction excluding grey literature.
Epidemiology papers that included rates per 100 000 population are displayed in online supplementary table S3. Where rates were not expressed as per 100 000 population (eg, per 10 000 population), one author (AEP) manually converted these to rates per 100 000 population. Rates in online supplementary table S3 are expressed as averages where the study period is more than 1 year (ie, the rate per annum was added and then divided by the number of years). Where papers included data by each individual year of the study period, these were manually converted into an annual average by one author (AEP). In online supplementary table S3 rate change within a study was calculated by comparing the rate for the first year of data presented with the rate for the last year of data presented for each age group.
Risk factors included in this study are those identified within a paper that had data (eg, Relative Risk (RR), percentage of deaths or rates) to support such statements. However we note that other risk factors for older people, not based on hard evidence, have been identified, including the role of pre-existing medical conditions, 20 27 28 being alone, 29 participating in recreational activities in the ocean 28 30 and not wearing life jackets. 31 There is a need to further explore risk factors for older people in a systematic way to clearly articulate whether they are risk factors or not, including an understanding of exposure. Where possible, rates in tables are based on exposure, 32 not only population; however, there was a lack of information about exposure in the included studies.
Coding was used for data source in online supplementary table S3 for ease of presentation of information. Study country income level was derived from the gross national income per capita in 2015. 33 The methodological quality of papers included in this review that proposed strategies for prevention was assessed using the National Health and Medical Research Council levels of evidence. 34 Papers were assessed against six levels (I, II, III-1, III-2, III-3, IV) of strength of evidence ranging from level I (a systematic review of level II studies) to level IV (a cross-sectional study, a case series or expert opinion).
resulTs
Initial search results returned 5694 papers. After removing duplicates and undertaking title and abstract screening, 255 papers remained for full-text review (figure 1). After reviewing full texts, 217 papers were removed, leaving a library of 38 papers to be included in this systematic review (online supplementary table S2). Of the 38 papers, 18 (47.4%) included epidemiological information, 19 (50.0%) included information on risk factors and 9 (23.7%) identified strategies for prevention.
epidemiology
Of the 18 papers that examined the epidemiology of drowning deaths among those aged 50 years and over, seven (38.9%) presented data for the 65+ age group only (online supplementary table S3). Data were presented from 65 countries using 10 different data sources, with one paper 20 providing data for 60 countries using the WHO Health Statistics and Information Services Mortality database. Twelve papers discussed data at a national level and six at a subnational level. The time periods covered by the studies ranged from 1 year 35 36 to 15 years. 26 27 Data were presented on 34 HICs and 31 LMICs. The most commonly used data sources were death certificates (50.0%), followed by coronial data and country-level statistics organisations (11.1% respectively). Four studies (22.2%) used the International Classification of Disease-10 (ICD-10), three (16.7%) used ICD-9 and one (5.6%) used both ICD-9 and ICD-10. For 10 studies (55.6%) the coding source was unspecified or no ICD coding was used.
Rates presented ranged from a low of 0.2 per 100 000 population for those aged 65 years and over in Turkey between 2006 and 2008, 20 to a high of 28.8 per 100 000 population in people aged 80 years and older in Guangdong Province, China, between 2004 and 2005. 37 There were 27 countries with two studies, while France had three studies (two national) 20 38 and the USA had eight studies (four national). 20 36 39 40 There were 27 papers that provided trends over time, 17 countries indicated decreasing rates and 10 papers showed increasing rates in the drowning rates of those aged 65+. Sweden and Finland recorded the largest increases in the drowning rate of people aged 65+ years at 8.1% and 5.8%, respectively. 38 In the 22 countries where there were two or more papers, and a comparison could be made (based on the same age groups), there were 14 countries with a decreasing fatal drowning rate, 6 with an increasing rate and 2 with no change. The changes over time between papers need to be considered with caution as most comparisons are from different data sources.
There was also some variation within age groups, for example, 16% on rurality, 37 41 42 11% discussed increasing age 37 49 and 5% discussed alcohol 31 (table 1) . Risk factor-related rates of drowning ranged from a low of 0.3 per 100 000 people for men aged 65 years and older in watercraft-related fatal drownings in New York State, USA, 48 to a high of 51.3 for Asian, African and Hispanic ethnicity rural-dwelling men aged 75 years and older in Ontario, Canada. 42 Several papers provided data on the RR of older men drowning when compared with women. This risk ranged from a low of 1.0 times the risk for men 70-79 years old in Guangdong Province, China, 37 to a high of 19.7 times the risk among men aged 85 years and older in Denmark. 44 One study found women aged 65 years and older were at 1.5 times the risk of fatal drowning when exposed to swimming, fishing or rock fishing, and 1.6 times the risk when exposed via swimming when compared with men of the same age 32 (online supplementary table S4). Ethnicity was also identified as a risk factor, with AfricanAmerican men aged 65 years and older being 2.3 times more likely than white men to drown as a result of watercraft-related incidents in New York State. 48 Conversely, when non-bathtub drowning deaths in New York State are examined, white men aged 65 years and older were found to be 1.5 times more likely to drown when compared with African-American men 29 (online supplementary table S4).
Common groupings of risk factors identified through this review included male gender with ethnicity 42 48 51 and male gender with rurality 37 41 42 (table 1) .
strategies for prevention
Nine papers identified through this systematic review discussed strategies for the prevention of unintentional fatal drowning among older people (table 2) . Three papers [52] [53] [54] explored the effectiveness of prevention strategies, all of which concerned life jacket wear regulations. One study, using population-based data from the Australian state of Victoria, found that compulsory life jacket wear regulations did not cause a significant reduction in fatal drowning among those aged 60+, as it had in other age groups. 52 Conversely, a second study reported adult life jacket use was lowest among those aged 65 years and older. 54 A third, using observational studies, found a 56% increase life jacket wear among those aged 60+ in small power vessels as a result of legislation. 53 Of the six papers proposing prevention strategies, education was discussed in four papers 28 44 49 55 (66.7%), including flood safety awareness programmes 55 ; education of medical doctors, nurses and nursing home staff to pay attention to existing diseases that increase drowning risk, including dementia 44 ; advice to those with pre-existing health conditions to limit aquatic activities to areas with lifeguarding services or where companions are trained in cardiopulmonary resuscitation; and physicians to educate elderly patients on the dangers of falls into bathtubs. Other studies proposed a range of strategies, including further research, reskilling of the at-risk population 2 and improvements to watercourses through engineering, 56 among others. Evidence used in papers proposing prevention strategies were low, with all (100.0%) being classified as level IV-expert opinion.
dIsCussIon
This systematic review identified 38 studies detailing the epidemiology, risk factors and strategies for the prevention of unintentional fatal drowning among older people aged 50 years and older. A key factor impacting the ability to extract relevant studies for this review was the lack of consistent age group bands. Despite both the United Nations 57 and the WHO 58 proposing standard international age classifications, and support for age groupings to be mid-decade to mid-decade or in 5-year age groups, 59 there was a wide variety of age group bands used. We recommend all studies should, as a minimum, have the 65+ years age group clearly identified. If data allow, the 65+ age group should then be broken down further. This allows for comparison between countries and within countries, as well as identify age-specific risk factors, enhancing prevention efforts.
epidemiology
Sixty-five countries were covered by the epidemiological studies included in this review, including 31 LMICs (of which 28 were covered by one study 20 ). While increasing research on drowning risk factors is being undertaken in LMICs, much of this work focuses on children, 60 61 with little known about drowning risk among the elderly. Therefore, there is a need for further total population-based research on this issue among LMICs, which is made challenging due to a lack of deaths data, data quality issues 7 and the inability to separate different aquatic locations using ICD coding. 15 20 Few papers provided breakdowns of age, with many countries presenting data on the 65+ years age group only (87.7% of all countries covered by the studies in this review). Where this information was present, there was variation between the age groups, with studies examining drowning in 5-year age bands from 50 to 54 to 85+, 2 a study that stopped at the 50-54 years age group, 39 a study examining 50-59, 60-69 and 70+ years, 49 and a study with older age groups of 55-64, 65-74 and 75+, 36 among other variations. The drowning rate by age group does vary for those over 50 years, 2 26 37 39 46 49 and thus greater differentiation of age is required to understand the risks and develop prevention strategies. It should be noted that high rates may not equate to high frequencies of drowning, and this must be considered when interpreting the results of epidemiological studies.
Where studies spanned more than 1 year, five papers provided data on trends over time with respect to drowning rates. 26 38-40 46 It was also challenging to compare rate change within a country. The USA was the only country where this analysis was possible, with the drowning rate among people 50-54 years old in 1999-2001 reported to be decreasing 39 and the rate among those 65+ increasing between 2000 and 2006. 40 While all studies included in this systematic review were those that included epidemiological data on unintentional fatal drowning only, when examining trends, the inclusion/exclusion criteria of the study, as well as the ICD edition (ICD-9, ICD-10, both), must be considered. The reporting of unintentional drowning in many nations is currently limited to external cause codes W65-74, which under-reports drowning deaths, particularly those as a result of water transportation and disaster. 62 Any changes in drowning rates must also be considered with caution as there may be other factors influencing fluctuating drowning rates, such as improvements in data collection and reporting of drowning cases, changes in coding mechanism and/or changes in the inclusion/exclusion criteria of a particular study.
There is a need for further research that uses population-level data and is stratified by consistent age group bands. This would allow for further comparison between countries and within and between regions, which also allows for the surveillance of trends in drowning data over time as well as the identification of effective drowning prevention strategies. Over the past two decades, the risk factors for drowning have become increasingly well understood 63 ; however, further research is required into unintentional drowning risk factors among older people aged 50 years and above. Of the 19 studies on risk factors included in this review, 16 risk factors were identified. There was little consensus beyond the common finding that older men are at an increased risk of drowning compared with older women. Men of all ages have been identified as being at an increased risk of drowning in many countries 12 64 65 ; however, it remains to be seen whether drowning prevention strategies aimed at men of all ages will specifically work in addressing drowning among older men.
15
One study 20 identified falls as a factor increasing the risk of drowning among older people in the USA. Falls into water is a commonly reported activity prior to drowning for older people in many countries 9 20 27 and categories of aquatic location. 12 20 However older people are known to be at an increased risk of falls 56 66 due to age-related factors such as loss of muscle strength, balance and bone density. 4 Therefore, preventing fatal drownings as a result of falls into water needs further research. For example, is it more effective to implement strategies to reduce falls in older people in general, or are older people at an increased risk of falling into water specifically?
There was only one paper 32 that used exposure information rather than just population to explore risk. Further research in the form of exposure studies may assist in answering questions around risk. Implementation and evaluation of prevention strategies may also assist in determining if falls prevention strategies will be more effective in reducing fall-related drowning among older people, as opposed to drowning-specific prevention strategies, such as learning to swim and increasing mobility to aid with exiting the water.
Exposure studies would also be beneficial across the spectrum of risk factors identified for drowning among older people to determine true risk. For example, pre-existing medical conditions such as dementia may be a risk factor for drowning among the elderly; however, data on the prevalence of the condition within the general population, compared with the cohort who drown, are required.
A significant gap in the published literature was the lack of RR analysis, with the authors of this systematic review having to calculate the RR themselves where possible. The use of analytic studies to determine, in this case, RR allows for a better understanding of the impact of a risk factor. We note, however, that only one of the studies 32 had a denominator that included information about exposure. As with the need for further population-level studies, so too is there a need for RR to be calculated to strengthen the evidence-based identification of risk factors, as well as undertaking regression studies to better understand the relationships among variables.
strategies for prevention
Many studies excluded from this systematic review discussed strategies for the prevention of drowning generally, but did not discuss stratagems specific to the issue of drowning among older people. 26 43 67 All strategies for prevention identified through a review of the literature are broad in nature, aimed at older or elderly people in general without identifying a specific age group more at risk nor the effectiveness for these age groups.
Similarly, many studies covered epidemiology and risk factors but did not go further and apply those findings to the proposal of evidence-based strategies for prevention; a total of 18 studies examined the epidemiology of drowning among older people, and 19 identified risk factors; however, only nine studies proposed prevention strategies, with only a third of those having been evaluated. For proposed strategies not yet implemented, the evidence supporting such recommendations was low for all studies (level IV-expert opinion).
There is a lack of research to determine if older people benefit from the same type of prevention strategies as younger people or if they need specific strategies more relevant to the risk factors experienced prior to drowning. Achievements in drowning prevention to date suggest site-specific and age-specific stratagems that address known risk factors will be more effective in reducing loss of life. 15 68 Exposure brings with it its own challenges for prevention. Participation in aquatics can be an important low-impact activity promoting physical health in older people 3 and providing opportunities for social interaction, thus improving quality of life. 69 70 Older people may also bring with them knowledge and experience in aquatic-related pursuits, such as boating, 71 thereby reducing the risk of a fatal incident. However, further research is required to determine if there is a link between experience and reduced drowning risk.
Additional research gaps
A number of other issues were identified when examining research published on unintentional fatal drowning among older people. Several studies had to be excluded from this systematic review such as those that discussed drowning by age group using graphs without discussing actual rates or proportions in the text, 72 73 those that examined the issue of drowning without stratifying by age group 74 75 and those that did not separate intentional and unintentional deaths. 76 77 As has been identified in other studies, data on location and activity prior to drowning were not consistently presented in the studies included in this review. Many countries were hampered by a lack of detail within the ICD external cause codes. 15 20 This lack of detail on causal factors leading to drowning hampers prevention efforts.
limitations
► Discussion of drowning deaths among this age group might be hidden in other broader papers discussing drowning among a population level or as a result of a particular activity or location; therefore older people will be a subset rather than the focus of the paper. ► Only those papers published in English, Portuguese and Spanish were included in this review. We may therefore have not included all papers published on this topic if published in other languages. ► This systematic review was of peer-reviewed academic articles. There may be other high-quality studies in non-peer-reviewed publications. ► The data used in this study are extracted from the studies, not the raw data. Therefore we are unable to verify the accuracy of the data, beyond what is presented in the studies included in this systematic review (eg, the potential misclassification of intentional vs unintentional drowning deaths).
ConClusIon
Drowning in older people is an ongoing problem and, for some countries, an increasing challenge. Little is known about the risk factors nor effective prevention stratagems. In light of inadequate knowledge in this space, we can only support current prevention strategies being used and encourage further work that elucidates effective interventions. With an ageing population, drowning in older people is likely to be an area of increasing concern. Drowning among those aged 45 years and over accounts for an estimated 109 746 lives lost globally each year; therefore, any achievements in drowning prevention are likely to have a significant impact. However, a lack of action in this area may prove to be an impediment to overall reductions in drowning mortality and increases in life expectancy. It is vital that further country-level, total population epidemiological studies into the issue of drowning among older people be undertaken, including the use of exposure studies to determine risk factors for both HIC and LMICs. Evidencebased strategies for prevention that are implemented and evaluated will have the greatest likelihood of being successful in reducing drowning among this age group.
What is already known on the subject ► Globally, populations are ageing. ► Little is known about drowning among older people, particularly older people in low-income and middle-income countries (LMICs). 
What this study adds

